We have investigated multiband optical photometric variability and stability of the Hα line profile of the transient X-ray binary IGR J01583+6713. We set an upper limit of 0.05 mag on photometric variations in the V band over a time scale of 3 months. The Hα line is found to consist of non-Gaussian profile and quite stable for a duration of 2 months. We have identified the spectral type of the companion star to be B2 IVe while distance to the source is estimated to be ∼ 4.0 kpc. Along with the optical observations, we have also carried out analysis of X-ray data from three short observations of the source, two with the Swift-XRT and one with the RXTE-PCA. We have detected a variation in the absorption column density, from a value of 22.0 × 10 22 cm −2 immediately after the outburst down to 2.6 × 10 22 cm −2 four months afterwards. In the quiescent state, the X-ray absorption is consistent with the optical reddening measurement of E(B -V) = 1.46 mag. From one of the Swift observations, during which the X-ray intensity was higher, we have a possible pulse detection with a period of 469.2 s. For a Be X-ray binary, this indicates an orbital period in the range of 216-561 days for this binary system.
INTRODUCTION
The ESA X-ray and γ-ray observatory INTEGRAL has discovered more than 100 sources during its continuous monitoring of the sky, especially in the direction of the Galactic Center and its surroundings, since its launch in 2002. Many of the X-ray sources discovered by INTEGRAL are characterized by a hard X-ray spectrum, with little or no detectable emission in soft X-rays, since they are heavily absorbed by interposing material. X-ray characteristics of most of these sources indicate them to be High Mass X-ray Binaries (HMXBs) and in many cases this has been proved by the discovery of their optical counterparts (e.g. Masetti et al. 2006a , Negueruela et al. 2007 ).
The X-ray transient IGR J01583+6713 was discovered by the IBIS/ISGRI imager on board INTEGRAL during an observation of the Cas A region on Dec 6, 2005 (Steiner et al. 2005) . The source was detected with a mean flux of about 14 mCrab in the 20-40 keV band, while a null detection was reported in the higher energy band of 40-80 keV. In subsequent INTEGRAL observations of the same field during Dec. [8] [9] [10] 2005 , the X-ray flux was found to be decreasing on a timescale of days. Swift observations of the source on December 13, 2005 identified IGR J01583+6713 to be a point object located at RA : 01 h 58 m 18. s 2 and DEC: +67
• 13 ′ 25. ′′ 9 (J2000) with an uncertainty of 3.5 arc seconds and its spectral analysis revealed that it is highly absorbed with N H approximately 10 23 cm −2 as compared to the estimated galactic value of N H = 4.7 x 10 21 cm −2 towards the same direction (Kennea et al. 2005) . Follow-up optical and IR observations identified the X-ray source as a Be star with magnitudes -B=14.98, R=13.24 and I=12.12, displaying strong Hα (EW 70Å) and weak Hβ (EW 6Å) lines in emission and it was therefore proposed as the optical/IR counterpart of the X-ray source (Halpern et al. 2005) . Recently, based on low resolution single epoch optical spectroscopy on December 23, 2006 , Masetti et al. (2006b classified the counterpart as an early spectral type (O8 III or O9 V) Galactic (∼ 6.4 kpc) star and ruled out both the possibility of a supergiant companion and of the source being an LMXBs or CVs.
In this paper, we present results of new optical (photometric and spectroscopic) observation of the Be system over an extended period and analyze all the X-ray data on IGR J01583+6713 present in the HEASARC archive. Section 2 and 3 present the observations and data reduction. Section 4 deals with the results and discussions on the nature of the companion star, possible variability and characterization of the X-ray spectrum. We summarize the results in the last section.
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OPTICAL OBSERVATIONS
The broadband photometric and intermediate resolution spectroscopic optical observations are described in the following sections.
UBVRI Photometry
We have carried out broadband Johnson UBV and Cousins RI CCD photometric follow-up observations on 13 nights from December 13, 2005 to March 06, 2006 using a 2k × 2k CCD camera mounted at f/13 Cassegrain focus of the 104-cm Sampurnanand Telescope (ST) at ARIES, Nainital, India. At the focus, a 24 µm square pixel of the 2048×2048 size CCD chip corresponds to ∼ 0.36 arcsec and the entire chip covers a square area of side ∼ 13.0 arcmin on the sky. The read-out noise of the system is 5.3 electrons with a gain factor of 10 electrons per analog-to-digital unit (ADU). During our observations the seeing varied from about 1.2 to 2.4 arcsec. Table 1 lists the log of optical photometric observations of IGR J01583+6713 in UBVRI wavebands along with the number of frames taken and exposure time in the respective filters. Usually more than two exposures were taken in each filter with a typical exposure times of 300 s, 300 s, 300 s, 200 s and 150 s in the UBVRI wave-bands respectively. Bias frames were taken intermittently and flat-field exposures were made of the twilight sky. In addition, as part of other ongoing programs, we could secure observations of Landolt (1992) standard fields in UBVRI wavebands on four nights (see Table 1 ) near zenith and the same field was also observed at about five different zenith distances for extinction measurements. Figure 1 shows the field chart of IGR J01583+6713 observed with ST on December 13, 2006 in the B waveband. Although all the observations were taken with the entire CCD chip of 13 × 13 arcmin, we have shown only a 7.5 × 7.5 arcmin CCD frame in Figure 1 for a closer look at the field. For photometric comparison we selected six stars with similar brightness and these are marked as 1, 2, 3, 4, 5 and 6 in Figure 1 while 'T' denotes the X-ray transient IGR J01583+6713.
Photometric data reductions were performed using the standard routines in IRAF 1 and DAOPHOT (Stetson 1987) . The zero-points and color terms were applied in the usual manner (Stetson 1992 The log of observations with the respective exposure times is given in Table 3 . We have used a slit of dimensions 1.92 ′′ x 11 ′ for the Hα line profile study and a slit of dimensions 15.41 ′′ x 11 ′ for the calibration observations. The spectrum were obtained with two different gratings (Grism 7 & Grism 8) in the wavelength range of 3500-7000Å and 5800-8350Å at a spectral dispersion of 1.45Å pixel −1 and 1.25Å pixel −1 respectively. Data were reduced using the standard routines within IRAF. The data were bias-corrected, flat-fielded and the one dimensional spectrum extracted using the optimal extraction method (Horne 1986 ). The wavelength calibration was done using FeAr and FeNe lamp spectrum for the Grism 7 and Grism 8 spectrum respectively. We employed the IRAF task identify and typically around 18 emission lines of Fe, Ar and Ne were used to find a dispersion solution. A fifth order fit was used to achieve a typical RMS uncertainty of about 0.1Å. For flux calibration of the IGR J01583+6713 spectrum in both Grism 7 and Grism 8, the instrumental response curves were obtained using spectrophotometric standards (Hiltner 600, Feige 110) observed on the same night, and the star's spectrum were brought to the relative flux scale. Hα is detected with a FWHM of ∼ 11.3Å for all the spectrum taken with Grism 8 of HCT.
The combined flux calibrated spectrum of X-ray binary IGR J01583+6713, taken with
Grism 7 and Grism 8 on October 15, 2006 is shown in Figure 3 over a wavelength range of 3800-9000Å. The identified spectral features are marked in the spectrum. The blue region Transient X-ray binary IGR J01583+6713 5 of Grism 7, in the wavelength region 3600-3800Å has poor Signal-to-Noise ratio and is not shown in Figure 3 . Along with strong Hα and Hβ, we also detected a few weak spectral features, mainly singly ionized Iron, neutral Helium and neutral Oxygen lines, in the IGR J01583+6713 continuum spectrum in the wavelength region 6100-7900Å, shown in Figure   4 .
X-RAY OBSERVATIONS
The X-ray observations of IGR J01583+6713 were carried out with the X-ray Telescope for timing and spectral analysis. Background data were extracted from a neighbouring source free circular region of the same radius as taken for the source. Source and background lightcurves were generated using the X-ray counts from the respective circular regions with the instrumental time resolution of 2.5074 s. A final source lightcurve was produced by subtracting the background lightcurve. The observations were made for small segments and no variability beyond statistical variation is seen in the X-ray light curves between the segments. The final source spectrum were obtained by subtracting the background spectrum, and spectral analysis was done using the energy response of the detector for the same day.
RXTE pointed observations were performed on December 14, 2005 with a total effective exposure time of ∼ 3 ks. The RXTE-PCA standard 2 data with a time resolution of 16 s were used to extract the spectrum of the source in the energy range 3-20 keV. During this observation only two PCUs were operational. The background spectrum for this observation was generated using the task 'pcabackest'. PCA background models for faint sources were used to generate the background spectrum. The spectral response matrix of the detector was created using the task 'pcarsp' and applied for spectral fitting. The spectrum was rebinned to have sufficient signal to noise ratio in each bin of the spectrum. The source was also regularly monitored by the All Sky Monitor (ASM) on board RXTE. The ASM lightcurve is shown in Figure 5 from MJD 53660 to MJD 54160, including the outburst detected on MJD 53710.
The epoch of detection of the hard X-ray transient IGR J01583+6713 is marked as 'T' in the Figure 5 . The soft X-ray enhancement in the RXTE-ASM light curve is consistent with a 10-20 mCrab intensity. The optical and X-ray observations of IGR J01583+6713 taken for the present study are also marked in Figure 5 .
We have used XSPEC12 for X-ray spectral analysis. We fitted both a powerlaw model and a black-body model with line of sight absorption to the source spectrum obtained from
Swift and RXTE. The spectral parameters obtained for both the models for the three observations are given in Table 4 . Both the powerlaw and black-body models fit the data well with a reduced χ 2 in the range of 0.8-1.4, except for the RXTE spectrum which is not well fitted by a black-body model. Models are indistinguishable from spectral fit only. line is determined to be 100 eV with 90% confidence limit.
We searched for X-ray Pulse periods using a pulse-folding technique. The background count rate was subtracted from the IGR J01583+6713 lightcurve and the barycenter correction was done. The time resolution of the instrument and the time span of the continuous data constrained the pulse period search to the range 5s -800s. We found X-ray pulsations with a pulse period of 469.2 s and with a pulsed fraction of 22%. No variability of more than 2 sigma is found in any pass-band but a larger variation and decreasing trend is seen for the first few days of observations in all of the pass-bands, as shown in Figure 2 . The scatter in data points of IGR J01583+6713 is more than the comparisons stars by ∼ 2 sigma in all the pass-bands and some increase in magnitude of about 0.05 mag can be seen around MJD 53725. The decrease in reprocessed optical emission for few days of outburst does indicate that source flux was decreasing during that period. However, we claim no strong variability in this source and we cannot ascertain whether the source was brighter in the optical band during the peak of its X-ray outburst.
Stability of the Hα emission line
The dynamical evolution of Be envelope can be studied with the help of changes in emission line profile (Negueruela et al. 2001) . Table 3 shows the spectroscopic observations of IGR J01583+6713 made over a period of 2 months. Strong Hα and Hβ emission line features are always found in the spectrum with equivalent width of -74.5 ± 1.6Å and -5.6 ± 0.3 A respectively. This ratio is somewhat different from that reported by Masetti et al (2006b) , which may indicate structural changes in the circumstellar disk of Be star in this system.
The line equivalent width and line profile of the Hα line are found to be constant for the observations, listed in Table 3 . The resolution of our instrument was not good enough to carry out a detailed study of the Hα line shape. The Hα line gives a poor fit with a Gaussian model, leaving the wings of the line unfitted. However, the Hα line, being very strong, of equivalent width -75Å, confirms that it originated in the circumstellar disk. (Corbet 1986 ) assuming the maximum eccentricity of the orbit to be 0.47 for Be binaries as observed by Bildsten et al. (1997) . Table 4 . Swift observations clearly show that N H has decreased by about an order of magnitude in a span of four months. The observed flux in 2-10 keV band has also decreased by a factor of ∼ 4. Within measurement uncertainty, the power-law photon index (or the black-body temperature in the blackbody emission model) is found to be unchanged.
X-ray variability and Spectrum
Lack of variability in the optical photometric measurements indicate an absence of changes in the distribution of circumstellar material around the companion star. However, from the X-ray spectral measurements we have detected a significant change in the absorption column density. During the first Swift observations, when the source was brighter, we measured an absorption column density of (22 ± 10) × 10 22 cm −2 and the spectrum shows a upper limit of 100 eV on equivalent width of an iron K-fluorescence line. If we assume an isotropic distribution of absorbing matter around the compact object, where the X-ray emission originates, we expect the Fe 6.4 keV spectral line to be detected with an equivalent width of 250 eV (Makishima et al. 1986 ), a factor of 2.5 more than the upper limit. The absence of a strong iron emission line indicates that the X-ray absorbing material around the compact object has a non-isotropic distribution, probably related to its disk structure.
Spectral Classification
A low dispersion (4Å/pix) optical (3500-8700Å) spectrum taken one day after the outburst was presented by Massetti et al. (2006b) , However, due to the absence of any photospheric absorption feature and poor signal, they could not secure a definite classification so assuming a Galactic reddening and (B − R) 0 intrinsic color they assigned a spectral type of O8III or O9V. The present spectrum cover the same spectral region and have a better spectral resolution (∼ 3Å near H α ), however, the MK classical region (< 5000Å) was too weak to identify absorption features. Figure 3 shows the combined flux calibrated spectrum of IGR The present spectrum also show OI (8446Å and Triplet 7773Å ) in emission which is seen in most of the cases with stars having spectral type earlier than B2.5. The features of IGR J1583+6713 resemble most closely to HD 164284 (B2 IV-Ve) in Andrillat (1988) and HD 41335 (B2 IVe) in Andrillat (1990) . For a comparison, HD 164284 spectrum is shown on the top of IGR J01583+6713 spectrum in Figure 8 over a wavelength range of 7500-8800Å.
FeII (6248, 6319, 6384, 6456, 6516, 7515 and 7711Å) and SiII (6347Å) lines appear in emission. He I lines at 6678 and 7281 are in absorption with asymmetric profiles indicating the presence of an emission region. Based on these characteristics it is suggested that its spectral type lies around B1 to B3, however a later spectral type cannot be completely ruled out and a further high resolution spectrum in the Optical and NIR would be required to ascertain the true spectral type for the transient. Furthermore, the weak Fe 6.4 keV line (EW 100 eV) in the X-ray spectrum and a high hydrogen column density may suggest the presence of a wind-powered accretion disc, hence leaving the possibility of a low-luminosity blue supergiant open. However, the strong Hydrogen lines suggest that it belongs to a main sequence (IV-V) luminosity class (Leitherer 1988 ).
We employed the reddening free Q-parameter to further ascertain the spectral type of for the powerlaw fit. The galactic HI column density is 0.4 × 10 22 cm −2 in the direction of the transient. However, the N H obtained using the powerlaw model is closer to the N H calculated using optical extinction measurement as compared to the blackbody model. Thus we conclude that the powerlaw model fits better to the X-ray data than the blackbody spectrum. The powerlaw index is found to be varying between 1.7-2.0, which is common in accretion powered X-ray pulsars.
SUMMARY
The nature of the hard X-ray transient IGR J01583+6713 and its optical counterpart has been investigated using new photometric and spectroscopic data in the optical as well as the X-ray band. Over a one year period since the X-ray outburst (December 06, 2005) , UBVRI CCD photometric data were collected on 15 nights using 1-m ST optical telescope at Nainital.
The intermediate resolution (3Å at Hα) spectrum in the 3800-8800Å region was monitored with the 2-m HCT telescope at Hanle, India on 8 nights. In X-ray, the archival spectral and timing data from Swift and RXTE observations were analysed to probe the nature of this highly obscured X-ray source. The main conclusions of the study are as follows.
(i) No significant variability in V-band is seen, however an upper limit of 0.05 mag is set over a time scale of 3 months since the X-ray outburst.
(ii) The spectral characteristics of the optical counterpart were found to be consistent (iii) We derive a hydrogen column density of 22.0 × 10 22 cm −2 from the X-ray spectrum taken with Swift just after the outburst. The quiescent phase column density was found to be consistent with the optical extinction measurements. The timing measurement suggest a pulse period of 469.2 second and an orbital period in the range of 216-561 days for this binary system. 
